Bacteriophage PBP1 is a flagella-specific virus that performs generalized transduction in strains of Bacillus pumilus. PBP1 is morphologically and serologically distinct from two other flagella-specific phages, PBS1 and SP-15, which perform generalized transduction in certain Bacillus species. The DNA extracted from PBP1 particles has a buoyant density of 1.690 g/cm3 in cesium chloride gradients, a melting temperature of 86.1 C, and a sedimentation velocity of 47S in neutral sucrose gradients. Assuming the molecule is a linear duplex, PBP1 DNA has a molecular weight of approximately 76 x 106. In two strains of B. pumilus which are sensitive to both PBP1 and PBS1, co-transducible genetic markers are more tightly linked by PBS1 transduction than by PBP1 transduction. The size of the fragment of bacterial DNA carried by PBP1-transducing particles, inferred from transduction studies and sedimentation analysis of viral DNA, suggests that PBP1 may be useful for genetic studies of extrachromosomal DNA elements present in two strains of B. pumilus. Genetic exchange of chromosomally located genes between the plasmid+ and plasmid-B. pumilus strains NRS 576 and NRRL B-3275 has been demonstrated by PBP1 transduction.
tion.
Three of the bacteriophages that perform generalized transduction in Bacillus species do not infect nonmotile mutants of their respective hosts. These phages include PBS1 and SP-15, which infect strains of B. subtilis, B. licheniformis, and B. pumilus (7, (13) (14) (15) ; Konvicka and Mandel, Abstr. Annu. Meet. Amer. Soc. Microbiol. 1972, V316, p. 238), and bacteriophage PBP1, which infects strains of B. pumilus (2) . Because these morphologically and serologically distinct phages exhibit overlapping host ranges, it has been possible to compare the linkage between pairs of genes in a single bacterial strain by two of the phages.
Tyeryar et al. (15) demonstrated that cotransducible markers in B. subtilis W-23 are more tightly linked by SP-15 transduction than by PBS1 transduction. The least complex explanation for this observation is that SP-15-transducing particles carry a larger fragment of bacterial DNA than PBS1-transducing particles. The molecular weights of SP-15 and PBS1 DNA were reported as 2.5 x 108 and 1.7 x 108, respectively (15) .
In two strains of B. pumilus that are sensitive to infection by both PBS1 and PBP1, genetic markers are more tightly linked by PBS1 transduction than by PBP1 transduction (2, this paper). In the present study, evidence is presented indicating that PBP1 DNA has a molecular weight that is less than half that reported for PBS1 DNA. Other properties of PBP1 and its DNA, presented in this and a previous report (2) , clearly distinguish this virus from PBS1 and SP-15.
MATERIALS AND METHODS
Transductions with bacteriophages PBP1 and PBS1 were performed as previously described (2, 7) . Auxotrophic derivatives of B. pumilus BD-2002 (Table 1) were isolated after nitrosoguanidine mutagenesis (7) .
DNA was isolated from bacteriophage PBP1 propagated on B. pumilus NRRL B-3275 and purified as previously reported (2) . During infection, PBP1 induces a phage-like particle carried by the host (3). As judged by electron microscopy, preparations of purified PBP1 contained no detectable phage particles other than PBP1. Purified PBP1 particles (approximately 1012 PFU) were suspended in 2 ml of TES buffer (0.02 M Tris, 0.1 M NaCl, and 0.005 M EDTA, pH 7.5) and gently mixed for 10 min at room temperature with an equal volume of TES-saturated phenol (Mallinckrodt Chemical Works). After low speed centrifugation, the aqueous layer was removed and reextracted. The resulting aqueous layer was dialyzed exhaustively at 4 C against SSC buffer (0.15 M NaCl plus 0.015 M sodium citrate). A typical DNA Gradients were centrifuged in the SW50.1 rotor at 40,000 rpm for 215 min at 5 C. The tubes were pierced, and dropwise fractions were collected and precipitated with cold 5% trichloroacetic acid. Precipitates were collected on 24-mm glass fiber filters, dried, and counted in 5 ml of Omnifluor-toluene scintillation fluid (New England Nuclear Corp.). T7DNA was taken to have a sedimentation velocity of 32S in neutral gradients and 37S in alkaline gradients (12) . duplex (12) . In alkaline sucrose gradients (Fig.  1) , the DNA sediments as four components, with sedimentation velocities of 51, 44, 40, and 26S (all ± 1S). By using the equation described by Studier (12) for alkaline DNA, these sedimentation velocities correspond to singlestranded molecular weights of 29 x 106, 20 x 106, 16 x 106, and 5.4 x 106, respectively.
It is unlikely that the four components detected on alkaline gradients are artifacts resulting from 32P decay (10) or the extraction procedures. Results comparable to those shown in Fig. 1 were obtained with each of four separate preparations of PBP1 DNA labeled to low specific activities with 32P (approximately 4,000 counts per min per 1g) and one preparation labeled with [3H]adenine. One of these preparations was obtained by phenol extraction of a mixture of 32P-labeled PBP1 particles and 3H-labeled T7 particles. In each case, sucrose gradient analysis of the 32P-labeled DNA was performed within 48 h after harvesting labeled phage.
A possible interpretation of these data is that PBP1 DNA is a linear duplex with two singlestranded interruptions (gaps or nicks) or two alkaline labile bonds per molecule. Organization of the four single-stranded forms into a duplex structure requires that one strand of the duplex consists of the 51 and 26S components and the complementary strand consists of the 40 and 44S components. The additive molecular weights of the single-stranded forms account for 92% of the molecular weight of the duplex as determined on neutral gradients. This model requires that the amount of DNA in the 51 and 26S peaks be equal to the amount of DNA in the 40 and 44S peaks. We have not been able to adequately test this due to incomplete resolution of the components on alkaline gradients. Thus, the above model is tentative.
Yamagishi (16) reported the presence of two interruptions (or alkaline labile bonds) in each strand of the DNA from bacteriophage PBS1. Evidence was presented suggesting that during an early stage of PBS1 infection of B. subtilis, the breaks in the viral DNA were sealed, but reappeared at a later stage of the infection. The biological significance of the single-stranded interruptions in PBP1 and PBS1 DNA is unknown. Lanni has suggested that one of the four single-stranded nicks that occur at specific sites in the T5 DNA molecule may be related to the first-step transfer process known to occur with this phage (1) . Similar studies have not been performed with PBP1 or PBS1.
PBP1 transduction between B. pumilus strains NRS 576 and NRRL B-3275. Two PBP1-sensitive strains of B. pumilus harbor extrachromosomal DNA elements (4, 5) . In one of these plasmid-carrying strains, NRS 576, the presence of the extrachromosomal element is associated with a decreased ability of the host to form spores (4) . One approach to the genetic study of the 576 plasmid requires its transfer to a genetically similar host that "naturally" lacks detectable plasmid (supercoiled) DNA. Such interstrain transduction can be inhibited by restriction against the incoming NRS 576 DNA. We therefore sought a strain of B. pumilus that lacks supercoiled DNA, is relatively genetically homologous with NRS 576, and lacks an obvious restriction system directed against NRS 576 DNA. B. pumilus NRRL B-3275 fulfills these requirements. Strain NRRL B-3275 lacks detectable supercoiled DNA when lysates are tested by the cesium chloride-ethidium bromide gradient procedure previously described (4; Lovett, unpublished data). Lysates of PBP1 propagated on B. pumilus NRS 576 can transduce each of the following auxotrophic markers in strain NRRL B-3275 to prototrophy: cys-1, met-1, met-2, leu-1, and trp-2 (7, 8) . Other markers were not tested. The transductants are stable upon repeated cloning on nutrient agar, suggesting that the transducing fragment is integrated into the host chromosome. The transduction frequencies in these interstrain crosses are approximately the same as those observed in homologous crosses (2) . Essentially identical results were obtained when using strain NRRL B-3275 as donor and three auxotrophic mutants (Ade-, Phe-, Cys-) of NRS 576 as recipients. All lysates used for transduction were grown from phage cloned at least three times on donor strains. Representative interstrain transductions were completely inhibited by preincubation of the donor lysate with PBP1 antiserum as previously described (2) . Thus, the agent responsible for interstrain transduction appears to be PBP1.
The data presented in this and a previous study (2) x 107) present in members of this Bacillus species (4, 5) .
